The data used came from two trials undertaken under the same climatic conditions (spring-summer). In both trials pluriparious buffaloes were utilized similar in weight, body condition score, and milk production from the previous year. From the first trial the data used was from the sub-period 23-88 DIM provided by seven animals fed ad libitum with diet A (6.69 MJ/kg DM; 158.30 g/kg of crude protein) with a forage/concentrate ratio of 48/52. From the second trial the data used was from the sub-period 33-90 DIM provided by seven animals fed ad libitum with diet B (6.63 MJ/kg DM; 179.50 g/kg of crude protein) and by seven animals fed ad libitum with diet C (5.99 MJ/kg DM; 155.40 g/kg of crude protein), each of the diets had the same forage/concentrate ratio (53/47). A significant difference was found in milk production between group B and C (13.08 vs. (48.28, 47.27 vs. 40.64 mm, p<0.05) statistically higher. Two simple linear regressions were calculated where the independent variable (x) was the daily standardized milk production, the dependent variable (y) or the daily intake of net energy or crude protein. Equation 1) NE (MJ/d) = 74.4049+2.8308kg of normalized milk; equation 2) CP (kg/d) = 1.4507+0.1085kg of normalized milk, both the equations were significant (p<0.05) with determination coefficients of 0.58 and 0.50 respectively. For a production of normalized milk that varies from 9 to 13 kg, the respective energy-protein concentrations fluctuate from 6.09 to 6.78 MJ/kg DM and from 148.00 to 174.46 g/kg DM.
INTRODUCTION
The buffalo species is bred on all continents, in a variety of geographical, environmental and agronomic contexts with different methods and aims; this has led to marked differences in the diets adopted. In Western Europe its diet is based on forages, silage, byproducts and concentrates (Bartocci et al., 2002a) . In order to estimate the requirements of the lactating buffalo, also verifying the effect of the diets used on the milk quality (Tripaldi, 1994) , diets with medium-low energy/protein levels were used (Verna et al., 1993a; Verna et al., 1993b; Verna et al., 1994) taking into consideration also the protein level suggested by Rai and Aggarwal (1991) . The results obtained, confirmed also by Bertoni and Piccioli Cappelli (1994) , showed that the different energy-protein levels used did not significantly increase milk production. In Italy the supply of buffalo milk, used exclusively for cheese production, has always been lower than the demand, this has led to an expansion of this species, also substituting the bovine species, with an improvement in the technologies used and has contributed to the opinion that the improvement of milk production could be achieved by increasing energy and crude protein intake (Sarrubi et al., 2000) . Bartocci et al. (2006) , administering a high energy-protein level, attained a significant effect on milk production without the animals displaying negative metabolic or physiologic symptoms. In a subsequent work (Bartocci and Terramoccia, 2010 ), maintaining constant the energy level of the two diets of the earlier work, but increasing the protein level, obtained positive production results and showed that each of the two diets studied could be used advantageously in two different lactation periods. As a consequence of these results, the need arose to define energy/protein requirements for medium-high production in the first ninety days of lactation. Further research was undertaken on twenty farms in order to verify the effects of the diets used on the chemical and technological characteristics of the milk produced (Bartocci et al., 2002a; Tripaldi et al., 2002; Tripaldi et al., 2003) . Some Authors (Zicarelli, 2000; Bartocci et al., 2002a; Bartocci et al., 2002b) have provided indications with regard to the requirements of the lactating buffalo, but exclusively with regard to production and unrelated to the stage of lactation, but the administration of diets rich in starch and fermentable carbohydrates, at an inappropriate stage of lactation, facilitates excessive fattening and due to an increase in insulin, leads to a reduction in the lactation period (Bartocci et al., 2002b) .
The aim of this work is to define: i) the appropriate energy-protein level to obtain an increased quantity of milk of higher quality, ii) the estimate of energy-protein requirements for a medium to high production in the first ninety days of lactation.
MATERIALS AND METHODS

Animals and diets
Data from two earlier trials were used: the first Bartocci et al. (2006) , the second Bartocci and Terramoccia (2010) . The two studies were undertaken under the same climatic conditions (spring-early summer), using, in both trials, pluriparous buffaloes similar in weight, stage of fattening and with regard to average production of the preceding year; the same type of feed: 2nd cut alfalfa hay, maize silage and a specifically formulated concentrate was used for each diet. In both trials the animals were divided into two groups of seven buffaloes fed on an ad libitum basis; the feed was given as a mixed ration once a day, but the feeding was on an individual basis in the first trial, and on a group basis in the second. Milking was undertaken twice a day at 12-h intervals, individual production was checked every two weeks and then representative milk samples of the two milkings were taken for analytical determinations. The first trial lasted 114 days and the second 116 days. For this research, the data from two sub-periods was used: 23-88 DIM (Bartocci et al., 2006) and 33-90 DIM (Bartocci and Terramoccia, 2010) . For the first sub-period individual data was used from seven animals fed with diet A which had a forage/concentrate ratio of 48/52 with the following formula: 2nd cut alfalfa hay = 10%, maize silage = 38%, concentrate = 52% (6.69 MJ/kg DM; 158.3 g/kg DM of crude protein). The data appertaining to the seven animals fed with the second diet (6.05 MJ/kg DM; 144.4 g/kg DM of crude protein) was discarded since the milk production was not considered satisfactory due to its substandard protein level. From the second trial, the individual data of seven animals from both the diets (B and C) was used, these diets both had the same forage/concentrate ratio 53/47 but with different percentages of the two forages, precisely diet B: 2nd cut alfalfa hay = 10%, maize silage = 43%, concentrate = 47% (6.63 MJ/kg DM; 179.5 g/kg DM of crude protein); diet C: 2nd cut alfalfa hay = 20%, maize silage = 33%, concentrate = 47% (5.99 MJ/kg DM; 155.4 g/kg DM of crude protein). The net energy of the feedstuffs, expressed as MJ/kg DM, was determined using the chemical composition and the digestibility of the organic substance (INRA, 1988) . (Zannoni and Annibaldi, 1981) . The production of mozzarella cheese was estimated by using the equation proposed by Altiero et al. (1989) .
Chemical analyses
Statistical analyses
The differences between groups were tested utilizing the GLM/SAS procedure (SAS, 1993) with a monofactorial model. In order to estimate the energy-protein requirements of the buffalo, in the first 90 days of lactation, both the data from the first study and from the second study were utilized, using a simple linear regression REG/SAS procedure (SAS, 1993) . The independent variable (x) was the daily milk production normalized to the same percentage in fat (83.00 g/kg) and in protein (47.30 g/kg), the dependent variable (y) was the daily intake of net energy and crude protein.
RESULTS AND DISCUSSION
Milk yield and milk quality
The average weight of the animals in each group was similar: 670.5, 677.9 and 661.4 kg, respectively for group A, B and C; the average weight of all the buffaloes was 669.9 kg. The average daily weight gain was 8 g/d in group A, 252 g/d in B and 160 g/d in C, with an average of 140 g/d. The intake of dry matter by the buffaloes who used diets B and C was almost identical (16.61 and 16.59 kg), and that of group A was similar (16.00 kg); resulting in an average intake of 16.40 kg, that represents 2.45% of the average weight of all the animals involved. Therefore, according to the results reported by Bartocci et al. (2006) and confirmed by Bartocci and Terramoccia (2010) , it can be affirmed that the different energy-protein level of the diets used in these trials has not modified the quantity of dry matter ingested; in addition, the ingestion capacity detected has been confirmed by various Authors (Ranijhan, 1992; Bertoni and Piccioli Cappelli, 1994; Verna et al., 1994; Bartocci et al., 2002a) . The net energy of diets A, B and C was 6.69, 6.63 and 5.99 MJ/kg DM with an average daily ingestion of 107.04, 110.12 and 99.37 MJ; the protein content was 158.3, 179.5 and 155.4 g/kg DM, with an average daily ingestion of 2.53, 2.98 and 2.58 kg.
As can be seen in Table 2 , in the first ninety days of lactation, it has been noted that diet B had a significant effect on the quantity of milk produced in comparison to diet C (13.08 vs. 11.56 kg/d, p<0.05), the production ascertained for diet A had an intermediate trend (12.20 kg/d). Therefore increasing the energy content, from 5.99 to 6.69 MJ/kg DM, and in a limited measure that of protein, from 155.4 to 158.3 g/kg DM (diet C vs. A), no significant increase in milk production was obtained (11.56 and 12.20 kg/d); but only when there is an increase not only of the energy level, from 5.99 to 6.63 MJ/kg DM, but also of the protein level, from 155.4 to 179.5 g/kg DM, (diets C vs. B) is a significantly higher milk production obtained. From the results obtained, what has already been stated by Campanile et al. (1998) and by Bartocci et al. (2006) can be confirmed, and that is that in the first phase of lactation, with an energy concentration of 6.05 MJ/kg DM the protein concentration must not be less than 150 g/kg DM and it can also be affirmed that with an energy concentration of 6.69 MJ/kg DM the protein concentration must not be less than 170 g/kg DM. The lactating buffalo, even with diets with high protein levels, would be able to maintain a substantially constant blood urea rate and the use of such diets would not prove damaging to the animals (Zicarelli, 2000; Infascelli, 2003) .
It can be noted, when considering diet B in respect to diet A, that there is a significant increase in the fat content (76.58 vs. 69.24 g/kg, p<0.05), protein (46.14 vs. 43.16 g/kg, p<0.05) and casein (39.94 vs. 34.98 g/kg, p<0.05) in the milk; diet C generated the production of a milk with an intermediate fat content (71.80 g/kg) but with a protein (45.52 g/kg) and casein content (39.06 g/kg) statistically equal to that of milk B. Therefore the buffaloes fed with diet B, with a greater energy-protein concentration and a protein/energy ratio equal to 27.07, produce a milk with levels not significantly different from the milk produced by the buffaloes fed with diet C, with a lower energy-protein concentration but with a similar protein/energy ratio (25.94). Diet A with an energy content similar to that of diet B and a protein content similar to that of diet C and a lower protein/energy ratio (23.66) generates the production of a milk of inferior quality. Some Authors Bartocci et al., 2002a) have highlighted that with an increased intake of concentrate in the diet, milk with a higher protein and lipid content is obtained. The pH of the three milks 6.93, 6.83 and 6.89 (diets A, B and C) presents no significant differences. Taking into account the three coagulation parameters, if between the three rennet clotting times (r) there is no significant difference (17.50, 18.44 and 19.08 min) , the values of the curd firming time (K 20 ) are lower and statistically different for milks B and C with respect to milk A (1.77, 1.82 vs. 3.68 min, p<0.05); on the contrary the values of the curd firmness (A 30 ) are statistically higher for milks B and C with respect to milk A (48.28, 47.27 vs. 40.64 mm, p<0.05). On the basis of these results it can be asserted that the milk produced from the diets B and C, as well as better composition, also has a better potential for cheesemaking because of its lower value of K 20 and its higher value of A 30 . Milk B provides an estimated production of mozzarella considerably higher than milks A and C (3.22 vs. 2.77, 2.70 kg/d, p<0.05), but it should be highlighted that the quantity of mozzarella produced daily with milks A and C is almost the same.
These results indicate that in the first 90 days of lactation, utilizing a diet with a high energy/protein level, it is possible to improve the milk quantity and quality, without metabolic and physiological problems and with limited fattening. Table 3 records two regression equations, in the first (y) represents the daily intake of net energy (MJ/d), in the second that of crude protein (kg/d), both with respect to the daily production of normalized milk (x):
Energy-protein requirements for medium-high yield in the first 90 days of lactation
The two equations were significant (p<0.05) with determination coefficients of 0.58 and 0.50 respectively. Table 4 presents estimated energy-protein requirements for a medium-high (9-13 kg) production of normalized milk (weight of the buffaloes = 670 kg, daily gain = 140 g, daily intake = 16.40 kg DM) in the first 90 days of lactation. From equations 1 and 2, the daily intake of net energy and crude protein was obtained varying the production of normalized milk from 9 to 13 kg; dividing the daily intake of net energy obtained (99.88-111.20 MJ/d) or of crude protein (2.43-2.86 kg/d) by the intake of dry matter (16.40 kg/d), an estimate is obtained of the energy-protein concentration of the diet in relation to the respective quantity of normalized milk produced. Therefore, for a normalized milk production that varies from 9 to 13 kg/d, the respective energy-protein concentration of the diet fluctuates from 6.09 to 6.78 MJ/kg DM and from 148.00 to 174.46 g/kg DM. From a thorough literature research, we were unable to locate any studies that document the energyprotein requirements of buffaloes in the first 90 days of lactation. Zicarelli (2000) , Bartocci et al. (2002a) and Bartocci et al. (2002b) gave indications on energy-protein requirements with regard to the quantity of milk produced, neglecting the time elapsed since calving; this can lead to an excessive accumulation of weight and negative consequences of a metabolic or physiological nature. For a normalized milk production from 9 to 12 kg/d, Bartocci et In order to define the quantity of net energy and crude protein necessary for the production of 1 kg of normalized milk, the requirements were considered, not only for the milk production, but also for the maintenance and weight variations of animals in the stall according to the indications reported by Zicarelli (2000) . From the assessment undertaken it transpired that for the production of 1 kg of normalized milk, for diets fluctuating from 6.09 to 6.78 MJ/kg DM of net energy and from 148.00 to 174.46 g/kg DM of crude protein, the net energy fluctuates from 5.55 to 4.76 MJ, the quantity of crude protein from 182 to 159 g, with an average of 5.19 MJ and 169 g of crude protein. Therefore, considering the constant increase in weight, augmenting the energy-protein concentration of the diet diminishes the quantity of energy and crude protein necessary for the production of 1 kg of normalized milk. The average values we reported are similar for net energy to those of Verna et al. (1994) , Zicarelli (2000) and Bartocci et al. (2002a) but are higher for crude protein.
CONCLUSIONS
In the first 90 days of lactation, the quality of milk produced can be improved by using diets with an appropriate protein/energy ratio.
The energy-protein requirements for a medium-high production of normalized milk fluctuates from 9 to 13 kg/d, in the first 90 days of lactation, varies from 6.09 to 6.78 MJ/kg DM of net energy and from 148.00 to 174.46 g/kg DM of crude protein; during this period, with these diets, the animals show no signs of metabolic or physiological problems.
Further studies should be undertaken in order to define the requirements of the buffalo in the second part of lactation.
